: Aspirin is a routinely prescribed drug, most notably for Introduction cardiovascular diseases, such as myocardial ischemia. This cross sectional, comparative study study aims to explore differences in hearing status between the cardiovascular disease patients on aspirin therapy and age matched controls.
Amendments from Version 1 Introduction
The great industrial and technological revolutions of the past two centuries have resulted in changes in the causes of illnesses and death. Infections and malnutrition were the most common cause of death before 1900. Because of improved nutrition and public health measures in the developed countries, the greatest cause of morbidity has been cardiovascular disease (CVD) and cancer. As lifestyle changes have also been observed in developing countries, morbidity and mortality rates due to cardiovascular conditions are also becoming more common in these countries. This is known as the epidemiological transition because this shift is highly correlated with changes in personal and collective wealth (the economic transition), social structure (the social transition) and demographics (the demographic transition)
Aspirin is a routinely prescribed drugs, most notably for cardiovascular diseases such as, myocardial ischemia. Myocardial ischemia or ischemic heart disease (IHD) is a disease where there is a decreased blood supply to the heart muscle due to coronary artery disease (CAD) 2 . The ototoxic effects of high doses (several grams per day) of salicylates, reversible hearing loss and tinnitus, are well documented 3 .
No studies have been done in the past to assess hearing loss in patients with cardiovascular diseases on aspirin therapy in Nepal. The present study was done to explore the differences in hearing status between patients with cardiovascular disease on aspirin therapy and age matched controls. It also aims to analyze correlation of hearing loss with the age of patients and presence of co-morbid illnesses.
Methods
The study was conducted in the department of Otorhinolaryngology and Head & Neck Surgery, BPKIHS, Dharan. The duration of the study was one year (from 1 st Feb, 2011 to 1 st Feb, 2012) . This was a cross sectional comparative study.
The study population consisted of cases of patients with heart disease taking long term aspirin (i.e., for more than one year). They were informed about the design and purpose of the study and requested to visit the ear, nose and throat outpatient department (ENT OPD) voluntarily to take part in the study. The control population consisted of age matched controls who were not taking aspirin. No major, active interventions were carried out other than those routinely required for diagnosis. Ethical approval was obtained from the institutional ethical review board of B.P. Koirala Institute of Health Sciences (87/2070/071). Written informed consent was obtained from both study and control populations prior to the study. The current study did not involve any invasive procedure and did not cause any physical or mental harm to the patients. No other interventions were carried out. There was no financial burden to the patients during study. The inclusion criteria was patients of age group 15-75 years who were taking aspirin for heart disease. The exclusion criteria was patients with hearing loss after trauma i.e. after explosion, head injury, ear trauma, or perforation of tympanic membrane, and patients with positive family history of hearing loss, or with CNS disease.
All study participants visited ENT OPD so that their clinical history could be assessed according to the proforma and so that they could undergo clinical and otological examination. General physical examination and detailed otological examination of ear, nose and throat was carried out according to proforma to exclude middle ear pathology and conductive hearing loss. All the study participants had normal ears during ear examinations. The Heine Mini 3000 otoscope was used in all cases for the examination of the external auditory canal and the tympanic membrane.
The study population was asked about regular use of aspirin which was defined as daily intake of 75mg 4 . The study population was interviewed regarding hearing loss and tinnitus and any past history of ear disease was excluded. Tinnitus is a recurrent ringing, roaring or buzzing sensation lasting for five minutes or longer 5 .
Complete birth and developmental history was taken to exclude congenital and other causes of acquired hearing loss. Detailed drug history was taken, looking especially for ototoxic drugs. Past history of ear trauma and head injury was noted to rule out prior hearing loss. Systemic causes of hearing loss e.g. Diabetes mellitus, hypertension, and chronic kidney disease, should also be noted. The diagnosis of diabetes mellitus, hypertension and chronic kidney disease were made based on the previous medical records of study population and controls.
Tuning fork tests (Rinne's, Weber's) were carried out with 256, 512, 1024 Hz tuning fork. Lower frequency fork e.g. 128 was not used because of difficulty in interpretation. Rinne and Weber tests were done to find the better hearing cochlea. Each participant underwent a hearing test by pure tone audiometry (PTA) in a sound-proof room. The Madsen Electronics Orbiter 922 Version 2 clinical audiometer was chosen for the study, and tests were performed by a trained audiometrician. The audiometric testing was done by a single person to ensure test-retest reliability. The extent of hearing loss was determined in all subjects. An average of two pure tone responses was calculated in cases of doubt. The results were documented as low (250-500 Hz), middle (1000-2000KHz), and high (4000-8000Hz). The value of the worst ear was taken when there was slight difference in the hearing loss value between the two ears. Hearing thresholds of the study group were compared with those of control group. All findings were noted and categorized on the basis of a proforma data collection sheet. A graph was plotted with the PTA findings. The data were entered in Excel and analysis was carried out using SPSS version 16.0. The Chi-squared test was done to compare hearing loss between case and control, across different age groups and at different durations of intake of aspirin.
Results
The study population consisted of 182 patients with heart disease taking long term aspirin (i.e., for more than one year). The control population consisted of 221 age matched healthy controls who were not taking aspirin. 45.3% of the study population were male and 54.7% were female. Among controls, 48.1% of the cases were male and 51.9% of the cases were female (Table 1) .
Both study and control populations were categorized into three groups according to age. The first group ranged between 15-50 years of age, the second 51-59 and the third, 60-75. The mean age was 63.7 years for the study population and 64.2 years for controls. 47.6% of the study population was in the 60-75 year age group; in the control group the number of participants in the 60-75 age group which was higher, with 48.4% (Table 1) .
64.3% of the study population were of Indo-Aryan origin and 35.7% were of East Asian origin. Among the controls, 60.1% were of Indo-Aryan origin and 39.9% were of East Asian origin ( Table 1 ).
The occupation of participants was more or less equally distributed, with housewives dominating in both cases and controls. Careful history was taken to rule out noise induced hearing loss in each occupation as seen in Figure 1 .
Out of 182 study population, only 115 presented with tinnitus. Among 221 controls, 124 presented with tinnitus. The result was statistically insignificant as in Figure 2 . Figure 3 .
As seen in Figure 4 , maximum percentage of both the study population and controls have normal hearing. Around 24% of both study population and controls have moderate hearing loss as per WHO criteria.
The data obtained from bivariate analysis was followed by binary logistic regression analysis with backward conditional method using SPSS version 16.0 in order to adjust and explore the significance of explanatory variables. Hearing loss was considered the dependent variable. The independent variables which had p value of 20% or less in the bivariate analysis were then included for binary logistic regression analysis. The variables subjected to the model were age group, duration of aspirin use, hypertension and diabetes mellitus.
When logistic regression was applied among the study population it was found that age of the patient was most significantly associated with hearing loss. Patients aged 51-59 were 14.258 times more prone to develop hearing loss and patient aged 60-75 were 61.389 times more prone to develop hearing loss than patients aged less than 50 years of age (Table 2) .
It was also found that only age of the study population was significantly associated with tinnitus. Duration of aspirin use, hypertension and diabetes were not found to be associated with tinnitus. People less than 50 years of age were 32.612 less likely to develop tinnitus than people between 60-75 years of age.
Similarly patients between 51-59 years of age were 2.799 times less likely to develop tinnitus than people aged between 60-75 years (Table 3) . 
Discussion
In the present study, the mean age of the patient was 63.7 years. As most patients on regular aspirin were above the age of 60, aspirin was not seen as the principal cause of sensorineural hearing loss in our study. Logistic regression analysis demonstrated that-other factors like duration of aspirin intake, and other comorbidities like hypertension and diabetes were not found to produce any significant effect on the hearing status of the patient. Our results oppose Curhan et al's, which had shown that aspirin given for its anti-platelet effect in cardiovascular patients is responsible for causing hearing loss even in low doses. Hearing loss was seen as one of the complications of regular analgesic use. The risk was seen greatest among men below the age of 60 years. Above the age of 60 years, no relation was seen between hearing loss and aspirin use 4 .
With increasing age, the prevalence of the hearing loss also increases 6 . Studies have shown that after the age of 60, hearing thresholds worsen on average by 1 dB per year, but the rate of decline of hearing loss may be even greater in men aged 48-59 years 7, 8 . The relationship between regular use of aspirin and hearing loss was observed as strongest in men younger than 60 years of age. A possible explanation for this might be that after the age of 60 the cumulative effects of age and other comorbidities will add up in the causation of hearing loss. Bainbridge et al showed similar impact of age and diabetes on hearing loss 9 .
High doses of salicylates can have ototoxic effects which include reversible hearing loss and tinnitus. Animal models have shown that salicylate is responsible for abnormal function of the outer hair cell and decreased blood flow in the cochlea 3 . Membrane conductance of the outer hair cell changes because of biochemical and electrophysiological alteration induced by salicylates. Salicylates also cause auditory microvasculature vasoconstriction, most probably caused by their antiprostaglandin activity 10, 11 . Histopathologic studies of human temporal bones and animals on salicylate administration show degeneration of the strial microvasculature 12, 13 . Microvascular vasoconstriction leads to strial degeneration. However, strial vascularis degeneration is also one of the characteristic features of age-related hearing loss 14 . Animal studies have shown that strial degeneration leads to its atrophy and to capillary loss, with basement membrane thickening and deposition of laminin and immunoglobulin in the strial vasculature [15] [16] [17] . Inflammatory mediators like TNF-α affects microvascular tone, thereby reducing cochlear blood flow 18 . Other inflammatory biomarkers like white blood cell count, neutrophil count, IL-6 and CRP are associated with hearing loss in older people
19
. Over a 10 year period, older people with higher levels of CRP were two times more likely to develop hearing loss than normal 20 . Aspirin inhibits platelet enzyme cyclo-oxygenase (COX). Increased expression of genes for IL-1β, IL-6, TNF-α, and COX-2 occurs during prostaglandin biosynthesis, and this effect is inhibited by aspirin 21 . Aspirin is also responsible for the synthesis of anti-inflammatory compounds called 'aspirin-triggered 15-epilipoxins'. This is responsible for the drug's anti-inflammatory effect even at low doses 22 . Aspirin also decreases chronic inflammatory biomarkers responsible for the aging process 23 . A randomized controlled trial where 100 mg of aspirin was given for acute coronary syndrome showed decrease in the level of both CRP and TNF-α 24 . These studies show that that aspirin in low doses may have a protective effect on hearing instead of a deteriorating effect. Recently, a clinical trial is going on to see whether aspirin in low doses can decrease the progression of age-related hearing loss 25 .
This study has certain limitations. Aspirin in low dose is an over the counter medication and is used by a large proportion of the population. To find out whether aspirin is responsible for causing hearing loss or not, sample size needs to be huge, and the samples should be followed up for a long period of time. Because of time constraints, this was not possible for this study. Hearing evaluation before the patient began aspirin treatment was also not carried out. The lowest age group patient in this study was 34 years and patients below 50 years of age were very few in number so the first age group made was from 15-50 years. Hearing impairment is an important public health issue. Aspirin is one of the most common medications used now-a-days owing to the increased prevalence of cardiovascular diseases. The present study shows that long term use of aspirin doesn't cause any hearing loss. The relationship between long term use of low dose aspirin and hearing loss is still a debatable subject. Other factors like age of the patient, hypertension and diabetes mellitus must also be looked at if a person on aspirin develops symptoms of hearing loss. 
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Introduction
Research question: The authors have aimed to look at the effect of prolonged use of low dose aspirin on hearing. The question is relevant as most of the previous studies on the subject have looked at the effect of high dose aspirin.
Aim and objectives stated in abstract and introduction differ from the ones stated in the Methods section. These need to be stated clearly and consistently.
Methods
Study design: The authors have done a cross sectional comparative study between patients with cardiac disease on aspirin, and controls without cardiac disease and not on aspirin.
Controls cannot be termed 'healthy'. They were age-matched subjects without heart disease, and not on aspirin therapy.
If age matched controls were selected, why is there a difference in the number of cases and 
Results
Baseline demographic data should be put in a table to ensure clarity.
Please depict the tinnitus and hearing loss in cases and controls, with p-values, as tables.
CKD was not included as part of the logistic regression. Why not? Please clarify. The textual interpretation of this could also be better worded.
Audiometric data need to be added both in the data set and the results.
Discussion
The discussion needs to be clearer, more concise, and should proceed in a logical sequence. In the discussion, the authors should cite studies that have shown that aspirin could cause hearing loss, and how the current study differs from them, and possible reasons as to why. Then they should discuss studies and theories to the contrary, that agree with the results of the current study. This should be done in a logical and concise manner. Please avoid unnecessary and confusing details of various theories that have no direct implication on the subject of research.
The 'prevalence' of hearing loss in both cases and controls is far above the prevalence quoted in existing literature. Is there an explanation for this?
Please give reference number for Curhan paper at the end of the first citation in the et al's manuscript. (para 1 in discussion)
The comparison of the present study with Curhan s work is not very clear. Are the authors et al' trying to imply that their results conflict with those of this work because the majority of their study population (both cases and controls) was above the age of 60? Please make this clear.
Conclusion
Conclusion should correspond with the aim and objectives of the study. The present study found 1.
2.
Conclusion should correspond with the aim and objectives of the study. The present study found no relationship between long term, low dose aspirin use and hearing loss. Moreover, the study did not find any correlation between hearing loss and systemic diseases; hence the last line in the conclusion is not supported by the results of the study, and therefore, may be deleted.
General comments
Correction of grammar needs to be done throughout the manuscript.
Terminology such as 'cases' and 'controls,' and 'incidence' and 'prevalence' has been used loosely and interchangeably. This is not acceptable.
On the whole, the paper addresses a relevant research question, and may be indexed after making the suggested corrections.
Is the work clearly and accurately presented and does it cite the current literature? Partly
Is the study design appropriate and is the work technically sound? Yes
Are sufficient details of methods and analysis provided to allow replication by others? Partly
If applicable, is the statistical analysis and its interpretation appropriate? I cannot comment. A qualified statistician is required.
Are all the source data underlying the results available to ensure full reproducibility? Partly
Are the conclusions drawn adequately supported by the results? Partly
Competing Interests:
We have read this submission. We believe that we have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however we have significant reservations, as outlined above. 
Introduction:
It is well-known that large doses of aspirin may produce reversible tinnitus and hearing loss. The authors 1.
2.
4.
It is well-known that large doses of aspirin may produce reversible tinnitus and hearing loss. The authors set out to test whether prolonged use of low dose aspirin for heart disease (presumably mostly ischaemic in nature) has a deleterious effect on hearing. Unfortunately, there are a number of problems with this study.
Subjects:
The authors are correct in their acknowledgement of vascular risk factors such as hypertension and diabetes for age-related hearing loss. (This age-related loss is presumably predominant in this study, judging from the increase in deafness by age group.) The design of the study does not allow ischaemic heart disease -itself also a risk factor for age-related hearing loss -to be accounted for, as all the aspirin-taking group were on aspirin for heart disease, whereas none of the control group had this risk factor. This confounding factor can only be addressed in a blinded, randomised prospective trial of aspirin in healthy individuals, as the authors acknowledge.
There is some confusion regarding the risk factors diabetes and hypertension in the manuscript. a) What criteria were used for these diagnoses? Furthermore, were the subjects screened for these risk factors as part of the study, or was there reliance on medical record review or on patient self-description? b) These risk factors " ... had to be ruled out" (Methods, para 5, page 2), but these factors were included in the regression analysis (Results, para 7, page 3). Were those with hypertension and diabetes indeed excluded from the study?
While there was adjustment for age and sex, other known risk factors for age-related hearing loss such as smoking and educational level (Stevens G, 2013 ; Agrawal Y, 2008 ) were et al.
et al. not reported. Were there any group differences in these factors?
The age range stratification (15-50; 51-59; 60-75) seem rather arbitrary and uneven. Were these divisions chosen to equalise numbers? The grouping of 15 year olds with 50 year olds seems inappropriate, and presumably the heart disease for which the 15 year olds were on aspirin was rather different. I think that the study would have been stronger with the exclusion of this paediatric group (presumably small). A histogram of the age distribution of subjects and controls by year of age (not age group) would be illuminating.
Methods:
Figure 1: The definition of hearing impairment is unclear. Why was the WHO classification not used? This averages the loss in dB at 4 frequencies: 0.5, 1, 2 and 4 kHz in the ear, with mild loss being better diagnosed at > 25 dB and moderate at > 40 dB. I presume that a dichotomous classification of hearing impairment was applied given that chi-squared tests were applied to the data, but the definition of hearing loss is not actually stated.
In a related matter, the results were documented as low, middle, high frequency loss (Methods, para 6, page 2), but this stratification is not subsequently referred to in the Results section.
Noise-related deafness was excluded on history ("careful history was taken to rule out noise-induced hearing loss in each occupation" -Results, para 4, page 3). Was the presence of a prominent notch on PTA at 4 kHz used to complement the history of noise exposure as a cause of exclusionary noise-related deafness? (Incidentally, this exclusionary statement should appear in Methods rather than Results.) 1 2
Conductive loss was excluded on clinical examination and tuning fork tests. Was there a reason that a bone-ear conduction gap on audiometry was not used to complement this exclusionary point?
Results:
The results are tabulated with inappropriate precision (often to 4 or 5 significant figures).
Discussion:
Age-related hearing impairment is presumably the major cause of deafness in this study, as the relative risks of the older age bands suggest. There is animal evidence for microvascular involvement in age-related hearing loss (Prazma J, . 1990 ; Shi X. 2011 ) . There is evidence from humans linking et al inflammatory states to age-related hearing loss by correlation of markers of mild systemic inflammatory states (raised IL-6 and CRP levels) with hearing loss (Verschuur C, . 2012 ). In other words, a et al reasonable hypothesis would be that low dose aspirin is actually protective against age-related hearing loss. In this context the study by Curhan cited by the authors deserves further discussion. It found et al. greater rates of hearing loss with prolonged regular use of aspirin, NSAIDs, and paracetamol (acetaminophen). There are two problems with that study, however: firstly, it relied on self-report of symptoms of deafness, with confirmation by a professional again self-reported. A second and potentially greater problem is confounding by indication, in that the reason for taking these medications in the first place (e.g. mild inflammatory state) may itself have been responsible for some or all of the hearing impairment.
Conclusion:
As it stands, this submission requires considerably more work to reach a suitable level. However, the primary data is presumably still available, and the submission could be re-written and re-analysed, perhaps along the lines suggested above, to improve its suitability. The patients were all taken from the Department of Internal Medicine. There all patients are screened for blood sugar level and bood pressure. It is very difficult to find pateints with heart disease and having neither hypertension nor diabetes. So there were included in the study and the risk of hearing loss was calculated using regression analysis. Smoking was taken into account for the hearing loss. To minimize its effect as a confounding factor, in the control group population, smokers were also included. Education level was not seen in the study as the range of age was very high i.e., 15-65 years. The age grouping was done as 15-50yrs, 51-59yrs, 60-75 yrs because, it is very difficult to get cases with heart diseases on aspirin therapy in age less than 50 years. This age classification is also similar to article by Sharon G. The author's state that pure tone audiometric evaluations were performed but do not include graphical data in the manuscript, nor do they indicate frequency specific thresholds in the raw data attached, only PTAs. Air conduction and bone conduction information needs to be included in order to ascertain the impact of standing hearing loss has on the included participants, especially since many occupations of participants included are readily exposed to noise such as farmers, labourers, and drivers. Furthermore, ototoxic events primarily initiate at ultra-high frequencies > 8 kHz, which was not even measured in the present study and can have significant impact on conclusions.
The use of tuning fork is not exactly clear if pure tone audiometry was performed. Unless pure tone audiometry was only performed on the "better hearing cochlea", in which case the authors should have performed these studies binaurally.
The studies included do not fully address the impact that salicylate may have on hearing capability. Animal models have shown that salicylate can impact not only DPOAEs but permanently damage spiral ganglion neurons as well. Which could result in recoverable DPOAE's and thresholds but have a permanent impact on word recognition capabilities. While these observations have been made with significantly higher dosage of salicylate, and may not be present at lower dosages, details should still be included in the manuscript.
There are many claims in the text which are written as though supported by research. While I believe the text included in the manuscript, proper references need to be included for readers. This event is widespread throughout the manuscript.
The authors claim their data opposes Curhan s research. While findings were different, they need to et al' include the significant differences between the two studies, one primary difference being the number of participants. This is addressed as the limitation, but should be also be interpreted in regards to difference in study results with Curhan . Despite the lower number of participants in the present study, the et al participants were well controlled age and gender. However, the youngest age group is inappropriately large. Dramatic differences in hearing are expected between the ages of 15-50 and should not be included in the same group.
The definition of tinnitus in the text is incorrect. The authors reference a previous studies classification used in that research paradigm (performed in 1988), but is not generally accepted definition of tinnitus. This likely has resulted in the inaccurately inflated occurrence of tinnitus in used participants. Typically, tinnitus can be present in ~15-20% of the general public, but the ~63% reported in the control group in the present study is much higher than expected.
Overall, the findings of the study could potentially be of interest. However, significant changes need to be made with clarity of writing, appropriate citations, divulging specific raw data to include frequency specific made with clarity of writing, appropriate citations, divulging specific raw data to include frequency specific air and bone conduction results, better classification of tinnitus and labeling of such in raw data, along with other methodological changes to specifically address the question at hand.
Is the work clearly and accurately presented and does it cite the current literature? Partly
Is the study design appropriate and is the work technically sound? Partly
Are sufficient details of methods and analysis provided to allow replication by others? Yes
If applicable, is the statistical analysis and its interpretation appropriate? I cannot comment. A qualified statistician is required.
